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ABSTRACT | 3
3 For each continuously twice differentiable map f = (fo'f1'°"'fn)= R+ R1+m, E;
. we define a nonlinear program: ‘ ; ;j
PL(£) minimize £ (x) ?
ﬁﬁ; subject to fi(x? =0 (Q<igce),
E fj(x) <0 (L+1<3<m . j
{‘ A (Kuhn-Tucker's) stationary solution x to Pl(f) is said to be strongly stable
3 if there exists an open neighborhood U of x such that each open neighborhood
: VCU of x contains a stationary solution to a perturbed problem Pl(f + g)
which is unique in U whenever 91(X)' 8gi(x)/3xj and azgi(x)/axjaxk
(0<i<m 123 $n, 1<k <n) are sufficiently small for all x in U. We
will give conditions on the gradient vectors and the Hessian matrices of
fi(O $ i < m) which characterize the strong stability. These conditions are then
applied to a parametric nonlinear program: i
P2(t) minimize h(x,t) z
subject to hi(x,t) =0 <ig?, é_
hj(x,t) <0 (2+1<js<m, g
. where t 1is a parameter vector varying in a closed subset T of RY. Let gl
: be the set of points (x,t) in Rn x T such that x is a strongly stable sta-
tionary solution to P2(t). Under a certain constraint qualification and the con-
tinuity and the differentiability of the map h : R" x T -+ R1+m, we will establish
that if S is a connected subset of £® and if x* is a local minimum solution to
P2(t*) for some (x*,t*) € S then x is a local minimum solution to P2(t) for
all (x,t) € S. Finally this result is applied to showing some interesting proper- ;
ties of a class of methods developed in the fixed point and complementarity theory. \
AMS (MOS) Subject Classification - 90C30, 49B50
Key Words - Nonlinear Program, Stability, Parametric Program, Fixed Point 1
and Complementarity Theory
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SIGNIFICANCE AND EXPLANATION

When we construct mathematical models from practical problems in the
field of operations research, economics, engineering, etc., the data which
we can utilize usually have uncertainty. We may not get exact data or the
data may be changing as time goes. In such a model it is important to
take accouqt of the stability of the solution. Here we say that a solu-
tion to a model is stable if any slight perturbation to the data yields
a small change of the solution.

In this paper we study stability of a matﬁematical programming model,
which involves an objective function to be minimized (or maximized) under
certain constraints. We give conditions on the data of the model which
characterize the stability. Applications to a mathematical programming
model having parameters and a class of computational methods are also

discussed.

\

The responsibility for the wording and views expressed in this descriptive
summary lies with MRC, and not with the author of this report.




-2~

301

.um 36 N emmes wpuUw 425 Yes 10§ 425 siwa ‘ox 30 pooyioqubteu usdo

rews ® U1 (6 s J)1d we1qoad peqanizad ¥ 03 UOTINTOS AIFUCTINIS ¥ O sseuanbrum puw
SouoiuTX® P43 Apnls [ITA B C(F)1d ©3 UOTINTOS AINUOTINIS PIIVTOST UW I X 3I¥]

‘oX 3Idaoxe

(3/1¢ o2 vojaales (wwTuTE eS0T 30) AIvuoyImas ou SuTRAWEO  (4x) ' I3 uons

coommnu aaT3TSod ® BT SIBUI JT PIINIOET 9Q O3 LTES ST (J)1d O3 X UOTIN[OS (wnwyulw

T®207 10) AIPUOTI®AS ¥ “[ST] XJTWICOON PUW OOOWTJ 85  “(I°'Y) SITIFTITS  (,4’',x)

v yons g 3 oA 20308 IBTTdTIINE sbuezbe] ® I8TXd SI9Y3 ‘°8°Y ‘uoTInOs AIwvuoyiess

© ST 3T UM [T UOTITRUCO SBTJSTINE  (JITd O3 <F UOTINTOS ENNTUTE 10T @ JJ

187 (3)1d O3 X UOTIN(OS (wneure [#207 20) AIPUoTINIs ¥ O ssodwy
TI3A 3 YOTYA UOTIEITFTTEND JUTEIISUCO YL " (F)1d 03 ujod Azwuojawas v (L'x) puw
X {ATA pIyETd0ese I10308a Jef(diitom sbueiber ® £ ‘(J)1d ©3 uoTINTOoS Arvuoriwds ®

X Y70 am usg3 N > & ewos 10} (I-1) SIISTACE M > X I M P (A'%) 1Iv 203
[ v
™% -%

u*.-u IR e 'Y

! jO Wa3sds Y3 @ UPIITIA 3 UMD (J)1d O3 UOTITPUOO AIPUDTIIS IPNINL-UUNA I UL

(x)

®3- | = (k'ma (z-1
. = '3-
i Teyef 1=t
., %% T '’ ] . %
| L A i
| J sasya
“ ‘0= (K'm)a ] (1-1
! ‘ suoy3yembe
i
]
!

A% I 4 JoXIIEm URISSM ux U Q0 vsucuuo»u.lavouvcﬁue .-:ub YB

o
e e
‘

- e,

“auspuadapuy ATIweurl ST (= 5151 :I-«u 3 —Q!«uDv 398 Sy 1T UOTITPUCD

TLTSE0-R ST Tom
WIS ISPUM UOTIEPUNCE SOURTOF TITUCTIWN Ay iq peiioddne yioa vodn putel §1 [Prisiew
BTUL  CYZOO-D-SL-6ZOWEC "ON 3ITRIJUCD IIpun AMIY SAITIS DEITUN U3 A pariosuols

(X)#p SUCTINIOU SUYI ST A { o et : o dES FTQRIIUSIIZZTIP SOTA3 ATSHONUTIUCD Yoes ICi
© {D'DJUTE = © PUE (oICXVE = T

38T ‘4 3 v yoed 303

*suoTIWNbe ;O We3ISAS ® O WIo SUI U] UOTITDUOD AIPUOTIPIS JS/ML-ULTZ NI ILTIA TTIA am

*(lgz] uwyiesebuen ‘[ST] XOTMIODON PUR COOPTJ OSTW #95 ‘(7] 2IADL PUF LUny) BOTITPUGS

AIPUOTIRI8 INAINL-UYDY SUI SITFETIVS ()14 O3 UOTINTOS wwTUTE 130T Aisnd Lol
-92737Tenb JUTRI3SUCO ® PATIES ST US ;YA UCTIAMSST UP Iopun IPY] UMOUX-TTom 5T 31

E _5‘- v (3)x 3 ,x 1I® 103 ..u.Ou > An,ou
IeYL Yors  Iorowu
sayiteod v 27 810Ul JT (J)14 O3 UCTINTOS ENETUTE TPIO] ® ag O3 PIES BT ()X F x wy
S Sx - x| g x = 0fe
P ‘¥ 3 x pue § 10enu
satatsod yowe 104 °(J)1d weib03d IPSUTTUCU BY3I OF 326 IUTRIISUOD U (J)X TT€D am

c(w3ESten o3 mt

3
It o=mi: wox e ix
P
* ()X » x o3 3>a(ams

0% »szreure 312
1wea1boid resuTuou W3
SUIOP 8A 4 3 3 YOS 104 -ISHRIUT SATITHOUUSY B ST W AIdys ‘SIGETILSIAZ3TP AOTAL
Kienonurieeo o7 T3 wows e wme | x caur w woxy (030 e st
30 S8WID a3 3q 4 W1 .n- F] ...-. ..... an— = X Uded 303 “un_u.-ll nuum wIou ou

3 osn aa 1aded eyl noybnoayy -ededs UEIPTIINT TPUOTSUIMNTP-Y I T .._- Lol

“ROIoONGORINT U

vat(oy nzeyeseW

SWHVEO0¥2 WVANITNON NI SROTLYIOS EWNOIIVIS Z7AViS JTONOMLS




ATIPTIOTIFIIC SSUTD M3 JO POYISE YOWe “(J)Td SATOS OL °POITITIN 8§ swexboxd Ieeuyruou
5 39 (3 23) ()2a Arywe; zejewered TRUOTSUSETP 9UO SYI JO SIMISNIIS I ‘(([Z€) PPOL
w ‘loc) tebyes ‘(zz) axwer ‘[01) ssawx ‘(L) 6y33ueq puw 873300 ‘[¥) 6309 puw zeMOBTIV
! ‘ardwexs 103 ‘ses) Azoepy AIFIRIULEITAWOO puw Juyod PEXTF SYI U padoTeAsp ([EE] PPOL
i ‘log) tebyes ‘(1Z) ®yweT (61 ‘L1) WWT(ON ‘[TT ‘G) seAvE) SPOIPE [PuOYIPINAWOD JO sSSP
{ ® Ul WD (T°0) = 3 SIya 8SEO Y3 O3 UOTIUSII® INO SNJ0F TTTA A ‘L UOFIOIS uT
'S 2 (3'x) AI848 107 (I)Zd O3 UOTINTOS WNWTUTW TEIOT © ST X UII S 3 (43'4X)
JWOS 10J (s3)Zd O3 UOTINTOS WNETUTE [¥OOT ¥ ST Lk J1 puw ¢1 UT 198 pa3dsuucd
v 51 s 3% 3w esoxd Tria ea ¢ (Yxe/(3m Tuet o Txez i Tue) = (3;) Tuy easya
‘el? (3°%)  T1® 10} Juspuadepuy AIWSuTT ST (@ > T > T ‘0 = (3 )Yy .u.u.qE: 98 3R
INQ UOTIWTFFIEND JUTRIISUCD MR IPUN  °( (I)Td  JO UOTINTOS AIWUOTIMIS (4 °*3°I°A)
STqNs-$ ¥ ST X 113 (3'x)) WS AR 7 pur ‘((3)Zd 3O UOTINTOS KIPucrIMs ® ST
Xilx M3(3'X)) WS @ 8q 7 3T L x ¥ > (I'X) 03 I8dIAI YPITA SNONUTIUCO BI®
wSxStwulclrw3y3o .r%na\.u.u.*ﬁun pe Fresamue ramTy awn
P 133 wee 03 7> (30w dww ewewwoen . wedx ut (wee Tyl ay
pue v- 3O 1 23I98qNS PIPOTD ® uy Bujhkiwa 10308A aejewezed w SY 3

‘(w3EStem o3 amby

3150 o-amlus yrxaan
ooy
‘ (32 » x 03 efqns
0% erywrure @> 3 (Nea
swezb01d 1veuyuou Sraemeaed Y3 YITA PIUIIOUCO Bq TI¥A 8A ‘g uoyldeg uy

‘UOTINTOS ENETUTE [¥OOT POIPTOST UW 203 (([LZ) UOSUTQOM) UOTITPUCD

WSO INE 19p10-P buaxys ey $873813es 3y 7 ATuO puw T WnWTuUTE TwOOT ¥ ST (J)1d

30 WwINTos AIWWOTINIS  (J °“I°3°A) STqUIS-E ¥ IWYI ACYS TTTA OA ‘G UOTIDeS U
(@ (o T ep pue oo
‘@ xy33vm opz3emmis u x u ewos 103

.au:q'- .u.qo.-ho + xax .m = 0% 1 458) a4y €-0

-f=

daxd .

sseroqns Y 03 qIta L3rTIqeIs-s

o3 03 JusTeaynbe ST J SSPID O} “3I°3°A AIFTIqRIS-S SYI IPYI AOYS OSTE® TITA oM
“(d *3°1°m) MITTIqRAS-8 Q3 e3TIeVeIwY WOIUA (W3 T50) *3 o seorazew uerssay
Y3 PUR $10308A SIUITPRIO YUY UO SUOTITPUCO AATDH TITA am ‘p pue £ SUOTIDAE ul
*Z UOT3IDIS Ut uaatb aq TITA sdew —Un uo sarizsdoad
DU SUOITUTIEP SWOS M U0 (D4 Aq PeITTASIQQY) SIqEEIUSTS) TP LTsnonuriuco ssra

-2007d sy Ing =n UO PTQPTIUIIIIJTP ATSnonuyjucd Jou sT g dem ay3 ‘Arreiaudn -arox

[
.n:aunonao ue sferd (z-1) 4Aq paurjzep ¥« lous : 3 dem ay3 ‘SUOTSSNOSTP INO uy

wu

*wexboxd xesuryuou odYmawesrd v 03 35S

UOFINTOS AIPuUOTINIS Y 3O serizedoxd Teoyborodol awos burmoys 03 weys Ardde usyi pue

(d °3°X°m) A3TTTqVAS-8 9yl IO SUOTITPUOCD JUITOTIJNS pue AILSSSI9u JAatIep am ‘zaded

STYI UI °(6 + J)Td O3 SUOTINTOS AIPUOTIVIS PUO UPY3 x0W 10 (B + J)Td O3 UOTINTOS

Azeuoyawas ou zeaye sureaucd (yx)¥@ eys pue © > ((v0)*Pu'B)mrou Ieqa woms 22 B

dem ® SISIX® 08I0 49 > 9 UITA D’9‘,p sIaqunu aat3rsod Aue 103 Wyl (3 30 .J

G4RIOGNS ¥ °3°I°A) OTQEIS-B I0U ST (J)Td OF X UOTINTOS AIPUOTIEIS © JT Iey) 998

oste oA ‘woraturzep w3 kg *(°4 3-1°m) syqvas-s sy 3y ueys (s c3-1°m) srqeas-s
ST (J)Td O3 <X UOTINTOS AIPUOTITIS ® JT PU 4 D g D 53 37 ‘Arsnoraqo

“(sx)*%g ur anbrum

ST WTUA (B + J)Td O3 UOTINTOs ATeuoyawas ® suTRIUOd (x)'g ‘® 5> ((ox) Y@ HHmiou

PUT 73 6 JGASUSYA I YIS Q < D U® SISTXD Iy [90) 2 § YOI pue 0 < oy

SWOS 103 3% ((,d °3°I°A) eIqeis-s Aq peIeTAdIqQqe) 4 JO ,J SSeIOqus ® 03 3dadsax

WA 81qUIs ATHUOIIS ST X °(J)Td O3 UOTINTOS AIPUOTINIS ® 3q X 2321 “UoratuTzeq
AT I o x e ey = v

XIIJWE U x U YOed J0j 2I3ym

¥ ' ¥ o w130
i a~>=.=.n- Bal| ‘| (x) '6|)xwm dns dns =

{n*b)miocu




e B A AN T BT O

(196} peswsaTWR ‘{s1) wEi{oz) edem * uo sITNsaX
[9Iseespun; emos PU (($Z] WTICTISY PUr 960230 ‘o1dENEs IC) ‘90s) SdvE PNONTTIUCO
sya jo Kios Se386p 3 SI9 S1003 UTES MO ‘PUNY IMPO SR WO ° ((9Z wWOsUTQOW) e
1e15ads ¢ S¥ UOTITPUGD AIPWDTINIE ISRIM-MER S43 WATIU] UITYR SuoFIMbe pezYIvISUID jO
Apnas aqa wo peseq ST yoeosdde sTN 3 203384 isamered S} 03 edsss A () A
¥oyInos AIPUDTINIS POIPICET WE JO UOTITTIEA MR O AIPRETIUCO WY 30 UOTITPUGD JUATI
-1jjns @ sash A13ueces ((Z] uosujqoy ‘woyidmsse A3fiviuesds(dEco 32738 M ICUIIA
‘A3jaerusme1duco 3OFIIS GYI JMMSSE Jou Gp aa 1aded ST Inoybnoayl ‘pesn aq 0u UPd sdew
e 10] we30eyqy WOTIOER) IPITIANY PINPURIS W3 ©O peweq yowoldde aqy ‘Issmcy ‘Pioy Jou
s30p A31Iv3usEe(dEcO IDTIIS B3 SISYA SSWD M3 Ul °(A‘X) O poouIoqUbTau uddo Jwos uy
21qeyIue12337p ATSRORUTINCO ST L B e L 8 ¢ (3.0 dom o3 umpy O = (3'A'EK)R O3
(') worInfos ® 3¢ sOToY AIjIRusEsidEco 3IDTIIS Y3 JT ISYI Slom  “((Z-9) %) (U
03 wOyITPUCO AISUOTINIS IIYINL-UYPY Y3 O3 JUSTEATNDe ST YITYA ¢ = (3°A°x)u  suoTIerbe
Jownshs s pur _ We MG (AT des o sawy TTIA 84 (Z-T) UT =333 0

AimeraemTuee oo

Tve/(3m Tue) = (3m Yaa 4q (x) 34 soerdez em ;1 -woraTpuco AzsuorIwas
299ONL-Ugry I YITA PAITIOOSEE SUOCTITELS 3O WAIsAS ¢ OF WBIOWM} UCTIJUNG ITITTdeY
paepwye a3y A1dde pInco Asy3 IPYI OS PeIEGTISIAUT 3G PIRGA UOTIPTIRA asOuA Jutod
Azewo1Ieac ¢ 3¢ paunsse sem A3jiviusws(deco 10138 Y3 ‘saoqe (GZ y1] siaded syl ur
‘A3jieruasatdmoo 191138 sITjSTINs  (A'X) w3 Aes aa  ‘(m S13t1+¢70. 3.5; 1)
e(®3131+3% < 'Kt ) 31 -(za 03 urod Aseuoriwae € 2q A > (A') I

‘uoyIvIIeA 2yl buliTETIsSe 107 POYIIW ¢ paplacid (p1]) ooderd

‘103394 194 a3 03 308dsa3 YITA AITTIQETIUSIS; TP 43 GO uwOTIdEnsse [PUOTITPPE

uw zepul “uUMATDH Sem 19 d ay3 jo sbuwy> TTews ¢ Aq pIsNEd UOTIN[OS ENSTUTE

1207 POIPTOSY UR jO UOTITTIEA ¥ UO punog aaTIEaTIUEnd ® ‘(57| UOsUToy Ul  JO3I\A
1930wwied sy3 jo sbuwyo [Tves ® 03 329dS3a1 Y3ITA uoTIN(os (AIPUOTINIS JO) ENWTUTE [EIO]
paIeIosT u® 3O A3TNUTIUOD Y3 2G/PUP SUCTINTOS WNETUTH jJO 195 Y3 JO A3TnuUT3vco U3
‘4oT3OUN] BATIVV(QO Y3 JO INTEA EMETUTE Y3 3O AITAUTIUGD Y3 PassnosTp Alutes Faul
“(*239 ‘[LZ *97 ‘SZ) uOSUTQOM ‘[ST] ¥OTWIODI Pur COIeTJ “(y1] oodera ‘(£1] PTNOD Fue
sueaz ‘(g) oxrdeys pue uewy[oJ ‘byzaueq ‘(<] 96ieg) swesbozd orIisweied 03 SUOTINIOS
wnmtuTe (Te207) 3O AITATITSUaS 2yl JO AITTIQRIS Y3 UO Ipem L3sq APy Soipnis Auem
“{1°0) » 3 ©3 30adsa1 yITA
BUS¥IIOUTUOU PUOIOUCE ST ((3)%)% 3eu3 sa01d ued sm A ‘L x M2 (70 TTe 103

- T A 4
(> % >1) (x) 3 =(3'x)°4
%+ %0 -1 = 3'0%

Ivy3 yons «ix w9 dem v Aotds? am ‘ucIITPPY UY

’a.
‘31 ‘0 < 3 Tivms ATausTdT33ns AI19ad 103 (I + 3)Zd 03 uorinTos Lreuorieds suo umny

X jo poouioqibtau uaio Lue .cm (3}

“(t'ol 2 3

#10m 20 UOTINTOS AIPUOTIEIS Ou UTPIUOD Jybre

#00s 203 (] °3°1°A} IIqr3Is-s 30U Swa X JT Iyl Peldsu g pIuoys 3

A3aa® 303 (3)24 03 UOTINTOS WNWTUTE TeDOY ® ST (I)x pue {11°0) » 3 = (A7)}

om 3 (3’ Faaaa

x 3y pue (0)Zd 3°

WI0} Sy3 WITA 9AIND [PUOTSUITP IO € ST S unn

103 (3)Za 3O uOYINTOS ATeuorie. = (4 °3°21°m) I1qeIS-S ® ST

UOTINTOS WNETUTE Ted0] ¢ st o 4oyl 298 [[1A @A ‘g UOTILeS UY UIATL SIINSII I3 O3

.om ? (3'x) TIe 103 (3)X » x 3T uda’ ou HOYINTOS [ErITUT YT I® WO

g3 ueyy 123wa3b s ,x e Ou uot3ounj aa130a({Qo 243 O INTeA U3 1043 undley ued

KAre1r0300 W SY

oX 3%ul an13 shemiE J0u ST

31 ‘30m13Y3INg  “(j)14 O3 UOTINTOS ENETUTE [PIOT € ST

“(5)1d4 ©3 uoTINTOR AIPUOIITIS ® ST Gx ‘VOTIUIIP M3 Ag C 5 Y (1%eM)

3o (U'x) uoryewixoadde U® SUTEPIIE POUIIW AY3 ‘SUCTITPUOD UTEIIID I3pun .S.en_ bur

37 ‘Tanamoy

~uye3ucS 7 D S 3IuUduodecd PIIDIUUCD I SIDeI) poyIaa YUl ‘32 (0° % w03 butisvis

) o

.o: uotInTos AJeuoyieas [PTATII © sy (0)Z4 werbord aul w3 pue ()12

udYL tnze

—--— : gy des ' 3N 13¥U00

‘rey ..-I » x (I® 303 (X)3 = (1'%)4 I*y3 wOns Io_a -1l




‘s * |s3] * 2 dwm o3 3o ujod JURSUTEUOU ATTEIOT @ 6T ‘(eh‘eX) = o3
3V Auo pum 3T (4 "3°1°A) STQWIS-S ST X IWI USTIQUISS [IJA S ‘P UOTIOE§ Ul

T (sX'eB)M > 0 TIV 307 0 > (Di%) 40 WP

(sX°e%)M 2 0 TI¥ 207 0 < (D1,5)40 I

37 ATU0 PUR JT  (oh’eX) = o3 IV IUTREUTSUCH

Arrecor 87 _ M« |eX]| * 4 WD AOYS ITTA Sa ‘¢ UOTIDES UI  “SPTOY T°T UOTITPUOD IMN
PUe ((1-T) O3 WOTINIOS ¢ ‘“8°]) (J)T4 ©3 Iujod LIWOTINIS ¥ 6] (eh’'eX) esoddng

‘2] » 8 KAzsa® 39 sembuysucu

A11eo01 87 Wiys dem ~" MAeja] e dum _u. IeREUIIUCU ¥  °IO-03-SUO 8T

PR L a* des 14 43 33 [2] 7 o3 3Iv 1emnbursucu L1907 3q O3 PIS Y

S~ |s] e dm 34 v ‘mIIEE WS &R JO SN HP WA 3] 2 42 YA G 39

4~ |a| : & 3o wyIveTEcIdde 14 ©® sV pepIvEe 8q UND 4 o |[(1eT)M| ¢ ¢ dwm sw

T (1'%2)M 2?0 PU 0 >3 AISAd 10] (oF - 3) (01,3040 ¢ ()4 = —l,.ouo
Aq P R |a’e3)u| ¢ cuo dem 14 © suyjep ATIUSISTSUCO ued A SOuSy

TOULIE U (X'E)M P 0’1 33
(o - 3) (D:e2)00 = (o3 - 3) (ile3)0Q
I3 PeT3TIsA ATTSWS ST 31
T(D D 3 1 MDD} e (AN (-0

BT ‘jE]| 243 wEs 104 "M DO 2| 4 SIMA ‘D4 9 a . |2] + s T

1
‘UOTITUT P [eidusb siom 10)

(9€] pesymitn 30 (91] swy{oy seg .u‘ Jo woriemtxoidde-(9‘7) ue sy ~\ ey Aes aa

..—onu- " 37} F AR A ‘c »3 11e 103

Interm) paffs5 fIn (o3 pa - (orm), @ ||

puw
S
2] 22 11® 303 3, [(3) 0 - (7 4
i1 ‘siequnu
NI o) #5 pae SO 8] s e (Tt a ) OE W e ] 0 W
Ea— N— . e T Rty

v

-L~

‘oM UOTSTATPANS Iyl UO —U& sr 4

IND PeTITIMA LTSS 8T AT CeX| = _ MUY S M O UOTSTATOOGRS © ST X uIyl
“{ef DL ¢ (L)2) = o2 (y-2)
I

-3 00Ttk a2 AE) ) = ey

a..ﬂvn~°th H NP (h'm)) = 1N

Il o DUS Qo SIUD Qa3 Y3 SPATNT O (£ J 0 ¢ of » ([} = Pior @29un
(e 2 06 5 2 e 2 o 2Tk s a s homy . ;s =
SUIIPP ‘er DL USRS 104 (WL 4 J) IS Mepui F MIOUSE .

w1 o4 sY (2D Aqpeurzer _ M e N4 dmBD T AuS TS A Aon

‘o

3@ 3 30 o eceyd v O3 P (2] = » dew 1.!-0 o|e ©OTIDTIISEI I O FTiIes

uriqoowr SY3 303 (012) 4G ToQEAS W ST [ITA M 34 &} . (x| : 4 ew 2z e

‘Atenotaqp ‘0 > 3 I 10} (3,4 = (3)4 IWQ YMS H <0 ¢ L4 dew ATqRTILIIa; ;D

A(ononuyIuco » pUe o c N 3198 UAdo UW ISTES 28Ud ¥ O o #397d yows Joj IRYI uons

dem snonutjuco ¢ ST P R _n_ : o dem (STQUTIUSISJJTP AISNONUIIUCD IsTAOSTE) —n& v
o022 A1sa® 107 (0)® ¢ Z(o)V¥ = (2}

v yons k-v (o) ue pue (0)y xtiiem 4 » d ®

ISTED 21943 ‘"9°7 ‘Surze 87 ¥ 2 o #ce1d 4ows 03 ¢ dew g3 jO s UOTIDTIISII M

w3 yons dew enONUTIUCO ¥ ST A o |X| * 4 dem (JesuTT 2RTADITY) T2 ¥ C[A| = 4

1724 TT7A 8A 4 JO UOTRTATPGNS ® ST X UsYR ‘X JO 91d ® y 5 0 udes [[ed 3w

‘44 no v ~u yitm y urt ~a

T z 4 z 1
pue o 2yed A1sad® 303 O pu® D O OB} UOWSGO ® ST cwuv o (z-2)
d ST 1 uUT O 1T® 3O vorwm Iyl (1-2)

P31 A- 3O UVOISTATPGNS ® 3q O3 pIes ST ¥ “I0TaINUY Aydmauou qata s3i9n Teipaykrod xasucs
POSOTD JO IsqENU SITUT} ® JO UOTIONICO ® X PUR o JO I93Ms € 337 4 3IN

TEITEVMINIIINE 2




© (01,340 J0p ubye =

(.30 * (%)% 3078 )60p =

((e3)0 *(o3)*q FuT's)B0p = 1

UIeIgO Sa ‘([9Z) IPTOQUTSWM puw ¥Ee3i10 jO
9

Z°2°9) weioeyy sowwireauy Adojowoy ey Ag

“((s%) "€ PA S YITA 1208INUT IOV S0P 4

dvw wn sopun  (4)*%g 30T 5 (133350 33 4 43(3 - 1)) Iusmbes surr eus Jo sbewy e

“(e3)*% 43) % Juy  sours

41 JUO-C-U0 ST & PUW % JO 9GNS XAAUCO ¥ ST *,2 30

pooyzoqubteu uado SEOS U ITIWIIUSIIZITP AISNONUTIUCO ST 4 IBYY 0N "0 < (0!,2)6Q I

AT AOYS O3 S8OTINS IT sAYL 0 # (0!,3)AqQ I ubTs = (0!Z)4Q ISP ubrs IM yons

w13 3ur Lo 3wy > 3 vy wamp s ‘0 4 (0f2aa 30p pre (b2 *"g T uo 23 I

30 pue (n°’gwrusr3 (10 105 0 < (0f2)eq 399

1IN0 AcYs puw ‘SPTOY (0T-Z) ITNI sunsse oy

“le?’0) ? § 4o®® 103 P

30 Jenqne uado we 87 ((¢2)7a ) s M 9% sA ([[1] POIULIIS pue BIFUETTE JO 6°C

Um]) UTWSOP O SSICPUI FUWTIRAUT I AQ ‘puey IYIC @yl uO

“(lg] 33orpuexaty jO 9§

‘1Ax IMATYS ‘eTdoexs 107 ‘998) spTIOT (T1-Z) X6 (0T-7) 29QTs ousw

7
Z-u_.om.‘ Py ._.E.on sdes o ‘2 30 309Ts Joedecs v 87 (,2)°%"g

© ley'0) 3 ¥ Kimed 105

(s5°C) 2 § Kasanz 103

3

“(e3)* '@ ur Wuc-c3-9uC ST

NI T

u3tm o5 3w®

S 4 (2)# 3oyl asoddng

n I

cfysatisedsaa

g 3

‘12| = 4 jo 3uvrod ioTasquT YT L2 pue

& dem ay3 Jo @33bsp aun ¢ 3

303 npq puv 0 32

‘4 U (o)

IeTNBUTHUON PUR PUL-U4-BUC ST
fisa® 393 yons ¢’

I0-03-8U0 ¥ £} umo.u_ i@ 3wyl pue 3oedwod ST (Y| = 4 3IPUI Sunswy

o 4

47

IeqnE ¢ o OTSTAIPANS ® 5330USD

pue (2% gwr yode

1% 103
- -

ic > 30} © < (2f2}2C 3

uaul sproy (11 Z)

T- = ((o2)8°(e2) 'q UT*4)Eop

I+ = :.3;.:».,; JuT ‘s ) bap

s I3 pue L7 asaritsod awos 30)

4
“({9Z) IpTOQuUIIYE pue eBsli0 ‘aTdTKa IO ‘aws)
t3'n's ) Eag
TSNONUT V0D AT K 0N 35 : 9 pLe %

‘N 30 Arepunog Ayl pue [ jO amsclo a3

1] > (em

24 % x .« (2|4 30

2:T30P M 0 PG

<Ay rrorudsoecescy

avutg 04

i0) (o1-Z) 3:
Tr-z)

10

wr-2)
A#ATH ALy

*fe ieaa

R ]

0 o3 oeusss

22 11% 1303

20 33scms uado uv aq

‘n 30 I0TI33uT

‘N IUT  SUOCTIPI0U IYL TSN aA .ok 3O 0 IPSGNS YOed 30,
“{s1) wwrlon jO I1-z pu® O1-Z swms¥] 395 ;3033
‘AU ..nvvn 4y SUC-03-IUO ST 2 (6~2)
g 3 2z Axasaa e 2endursuou L1[?201 ST ma « In! 2 & (e-2)
IPY3 YOTT  § IaGunu IATITSOM © ST JIND UYL
‘sz 3@ Fenbursuou AITEcU] ST PR jx] * o e-2)
‘4 JO ICTIFIUT IUI UL SIAT] T I @ (9-2)

Iey3 smssy C Od onmmov:"s EL 51

 §

“(vE) peIUIITIYM JO [ EAI0IUL 335

PR

s1s0wmu BATITSOC LsIXS 3Xayl usyy “dew ﬂu_

T =7

Tjocie

2 O3 uciavw xoxdde-{373)

rernbytsuou puc

17 vmeen

“O12q Seman] #ul Inoubnosyy

‘33727 350 TITA 9 YOTYA sdem  Od UO SEIWS] [FIUSEQUN] S90S w2035 MOu an




-Zl=-

‘A3rrembuysucy TS0 Y3 JO UCTITUTP o3 4@ “(C-Z) Aq peuyep ST (r)1
PUT o3 UTTIUCO YWIYA oF P ()i S828'd JO UCTIDNTIOD Y3 SPICUP (LN ’,Z)M SIsya

e 5e3% : (0)1) = (axterin

pum £ D ®es sa ‘Aisnotaqp
c@SSrer0tbhigate
puw (1-€)
@S ESter0< k1 gy a0
T g " M| P (ehtex) = o2
W1 Cfed] 2.3 waw _ w.e |ea] 4 des e jo A3vzemnbuysucy

1e30] Y3 30 UOTITPUCO ITITITIJNS PUR AIPSSIONU ® BATISP O3 ADEeI 819 aa moy

‘a'a's ‘SUO-03-8u0 ST X o {gl : & 3%43 03 uateainbs s7 st gy tPIaTpams

. . n
{(v>3>10 a.t ho «:lq) “ .a).... —D:

UOYIISIICO Y3 ‘I°f vmw] Ag ‘g > 0 TI® 30 O < (0!0)AG ISP M [[WONY
= L]
o -On F1 y

o> _® 33 n

v - .o.aé‘a
¥ ¥

‘e » o KA3sa® 103 ‘sousy
°*e2 ¢Oc " dfu .afzuu.o_\o - .-o-. (0:0)eq = .«Oo-‘
') ‘o FA au = q...o.o_‘n - .o.o.ota - ..o..
Savy 3a ‘y > 0 Azsas 305 ‘usyy ._\......uo- - ..b.e‘a pue .%.....—ovnoo n
‘NP0 23 Aisa® 30] 3(010)0q = ()6

savy sa ueyl ..s.-.....noo. e o siwym

. LR ® - 1

(P d (% = (otowa
Inn pue
B2 11 303 0 < (0f0)Q 389

‘O« (0)8 IY) sumsew Ave oa ‘LAiesssoeu 7 4 dw o3

03 woTIsmIOjeuRL) Iwewy] 9eiidosdde we buywiojisq ‘3aed 37, S AOYS AOuU em

-11-

‘("7 TERY] WO1j SACIIO} 1INSal pIlitsep ¥ puw
‘E20 119 303 0 # (cl0)q I
#ouam
*H 202X KAisad® 30 (0)# e X(LID)PC = (X)8

APY A ‘IPIUT] FS5TAIBT] 8y P g} : » @ours

.AI - _-_ Uo WO-03-2uU0 ST ¢ IPY] Isoddng ‘aed G A1uUo, FUI MOuS IBIT) m 10GiZ
"E P00 1Iv 203 0 > (0i0)p0 I

a0
B 2?20 1I® 305 0 < (Di0)eqQ 3P

19y31@ ;1 AJuUO puw ;1 UC-03-2u0 ST

e Uy ‘14 oq P R _: 1 & Q- UT ICI08A ITUD Y3-T1 SUI SII0uMP o A

G I I N 7 LD

ey .AI 3O SIUWYIIO Y IV JO UOTIDITIOD YL B [ @]

Ep AR a  Buoge S, A 30 JagENU eyl ST S Slwun

' git? = .\......al_us ubts

BB ¥ it —!v faane

303 3y Atuo puw 3% g9 30 UOTSTATPARS ® s y uewL ‘0 < Q&:.. ‘ Rjiep el esoding

c{(derrcfy = 1) «» 3 Be B MT Ay =3

PUTJIQ 103094 [RuCTSUIRTID-d Bq \......~> &l n oan

(ITE) e1sam pue 1TeIuy ‘uostawes) | ool

- - - A ven
"I P D0 vt Ay 1) e pim0m)

‘react 'mayy Ag pavueds auod (vrpau/iod xaauod

peso1d e ...-.....u... Aq ®30usp BA ‘S103158A TRPUGCTISUMETP-4 B1e _.‘... ._.. 3
._-n_ ? o © 3% emnbursuou Ar1esor aq oi (2-1) AQ pautjep _— ‘o] t 4

dva «D. Y3 30) UOTITPUOD JUSITITIINS PUe AIessessu ¢ salh am wOTIOAs STYy Ul

“weud ¢ |9F] 4 AV TUL 30 JLINCINITROK WO €




el
-T-H

13M01103 e» § WOTITIIRd puw ‘Juspusdaput ATISeUTT 83 S0z d 38373 W FO I

®n Imp 88 30 L3yo71dmys 304 °sac: jJuepusdapuy Arzweuyr d o e

TwUTRuco § xpnew dx U ap Iy d - @ YUSI WOI) SAOTIO) 3T ‘PUNY 230 Y3 wp

T 0« n«.:?fu....—.n.n WA .

a-» * na (]
(o T 0)I%p =

° n:»an

-o’ﬁ . 8&.—5

0 <« A XA1sa0 307 ‘savy ea ‘wor3MIIeUWcO ey Ag

xy23em d x d o3 ewyjeg

@3 ESTemoetn pw oIy TN

X
M- -Ta (s-€)

W@ ens (@355 (1°0°1-) > '

ssonpD ‘d Wl 39390186 30u 263Ut aajiysod v sy ¥ pue u- snyeauebye

o3 [T pe3TyIceeY !h- XF230W 0q3 JO 303304usBTS UF ST (1 JO GENTOD G3I-T Y3 SIYA
¢

vew we (x5535 10Ty

d
A 4 o
hn ..— ne !h.

o A

‘Ed3CStemos

I Yons  xyriew zenbuisuou 4 x 4

® pUL; w0 - .ool.-s Q@A xpayem syrjemmde 4 4 e sy 1,4 wouyg “jooiq

"0, A By O g AW J(9~€)
pue

0 <l Bhs ), 8 % 3-:

‘0 < A Azaae 103 ‘3eqy yons uc U ‘a sactIyew JTIyawsis
U % u ISTES Iy UIYL .ou.nh.»oo I3 sy ‘u>da%1 simyn ‘dan

eI A XpIIivm d x U UR g puw XTIIVE OTIiemmis U x U U 3T C IF] 9 TR

‘e J® .lu..uo.-o.-ﬂuu

sdem 33 JO RTIIGW UNTESIH WI PUT SI0IIVA SIUBITPEI6 M JO SWIIL UT ((£-£) F0) (Z-f)
9I710300IVGO PTYA SUCTITPUCO SATISP 03 PIICAIP ST UOTINIS STYI JO JapuTemal oy

“Te5e5% ampyons £ TIP 203 0 > ((£)1feZ)ad 39D €62

10

o5 5% 3mn yone £ TI¥ 205 0 < ((P)1%e3) 0 35p z-¢)

39qa1e 33 ATUO PUR JT o3 3 IWTnEUTSUOU ATTEIOT ST M + M| 4 AL “(1-¢) Aq

poutzep 108 xapui sy oq 'p-Or 3a1 pue ‘ae = [oX] 7 (h%ex) = o2 3 Tt wiceld

uIwIqo ea ‘z°¢ Awrro10) £q ‘snyl ‘el 30 ST

®3 IV 3O BUTISTEUCO | UOTSTATRGNS M Uo dew Yy waw Ly . 4 ‘4 piesaz

G WA .Ival 30 SUNII0 SWMOS JO UOTUN Y3 ST mv.ﬂ.— Yoes IJUTS “IUOC-0R-PUD ST

¥ 2 ()3 23 Kisas 305 3((£)31,3)40 = (3)d
Aqpewyzep _ M. (W[ 4 dem 13 ep Y Aruo pur 3T Su0-03-su0 87
aut « |(X°e3IN| 1 4 ITN uaoys LTyews Bq UED 3T M JO UCTSTATPGNS ® ST W ULl

.AAHUHUO

0 ) - w
cetr o 3% g O o 00t L us ey - o
Arauvatearrts 10
02 Ir 231 (43 -2)Y) = (M2

£ 4 .u-.U—.uo—. AN YIS £ Yoes 103 “IU0-03-IU0 ST

(sX'sZ)M 2 (£)3 2 3 KA13a8 20] (o2 = Z)(([)11e2) 40+ (o2)d = (2)4
Aq poutzep M+ [(eX'eT)W| : 4

dwm o3 3t ATuo puw 3T o2 3% aernbursuou ArTes01 ST I:... « le¥] * &




-<t-

o v
T(Eep) | v a3 e ,0 3w (z1~0)
savy an ‘A3jiembe saoqe eyl o3UT (I1~€) BuyInyyIsqns

S ..uh. I%p) ~¢nnah¢ Wp) = .ana usvn—u sp)

wae o
: -2, a2
o v av

-3
eos Osle an o3ie evjidoadde uv ITA XTIIWm AJJIUSPT MY SNOUSP § SINYA
] ht

.
‘nhﬂh‘ I - —

wp  aep (-0
v a

ot BT

£3yIeepy o3 @03) SAOTTOZ I 0 #4 G ISP 9SO BN WITA [PEP ISIT; e

Ins

‘(ed ¥ =D
PUR (85)T=q T ‘n SOudegne &@ JO SYNNQ ® SWMIO] § JO SWNICO jJO
e 2 S TINIWE LITINPT X x X NP ST .6 IV PUR FINEE OIN X x (Y - W)
"0 ST V.6 ITH M § NN (Y -U) x U UR MO0 ‘U > Y INQ SENESY  “ITNEeI

POIISEp Sl WITIGO Ga SOwey .DANZS-O:-J:.-.U‘ Puv o198 87 A eOwde

~“hS ) JO EOTTREWMTP NI U W e § JI Y NUe: sSey y Iw esoddng A[swTpammy

SROTIO0] EBIOSYD M) JO WOTIIENST ISIT) YL  “(6-f) Aq pUIeP XIIIE Y x U N3 Y

¥ 3eun WICY (B ) Yo (N’ T+ 3) =r 3oyl swnsse sa ‘L370711dwys 104 - j00i4

wo t't) .q-O.lﬁ.o..aub.lﬂull. soeds a3 wo

WNUTRINGP (3a73080u 10 0I0%) SaTITSOd © SUY  (,2)7 NpIIWE U x W o3 JT ATuo pue 3§
0> 30 0= 0« ((F)1!e®)ia I8p

‘quspusdaput Araveury

ST (O1T-€) 398 Sy 13yn 2990 ) UL 0 = (([)11,2)80 9D vayl Juspusdep ArIesuy] st

o EERRT NS (o1-¢)
s W 1 (et T+ 3} OF W08 10] (r)i 3 (¢h'eX) = o2 97 'G'{ WriOPUL

*{0) = A ®Oedsgns [PUCTSUSNTP OI9Z SY3 UOC ITUTIeP say3tsod ST pue JuPUTEIINP aaTITSOd

‘a'2°d
¢ LA T I

P SUY XJIIOE U x U UYIUS eyl SWNSSE 2A ‘SOUITUSAUOCD JO4 " (IITUTIp-TERS aaTatsod

20) s3jurzep sajatsod 87 gu @ xynem 4 x d Wyl JY a ededsqns syl U0 (I3TuTFap

£ 9
{
-yues sayaysod 20) SITUTIEP satatsod ST Q XTIIPW syl IPUl APS OsTe Ap  “p  JO sTseq ] h
® W10 SUNTCO OsOYA XTI3ew d x U UR ST § @IWa ‘(0= 0  >) O < 8Q.@ I
37 WHUTHINIP (0192 30 aTIeHIU) sataTsod ® sPY O XTIIem Iyl IeGl fes ay : M
.numlllav UeS 2 ) ll JOosowdsqgns ¥ A PUR XTIj0m OTI3emmAS U x U Ue 3 O 2] %
c e i) - v (6-6)
a1aym
o h‘a
" I = ((r)aiz)a0 I8P (e-f)
Y (%1
oousy ‘xyriem AI7USPT (Y - W) x (Y - W) W $IOUIP 3 I |
r ]
.-..-_ Ja-
- ] =
]
hnu- .no
| /] ] 4 = ((rafz)aa (L-f)
A
.-..n. s
wlio ! mYsrma (21
y-= N v

Sl ‘s, 1
om0s 103 (N°°'T 4 3) [ eunswe ea ‘A3jovTdwys 304 (W > T 5 [) (M) 4 pwe (m
JO SEMINY UT (JX'Z)M P (£)1 YO®® 203 (([)173)40 KTII0W UPTQUOR, ay3 ssa1dxs ued> ay
Tey=t T=7
T, oY P o
c(®) 3 Ak e (%) 3 804 * (=)73 4 = (B)7 19-1)
At ol et} o

7 -l. > (A'N) = 3 YOUS 104 “SUOCTIVION SWOS SINPOTIUT W

c@d5¢5temos= "

" opuwe 9> Y
Aq (§-€) #oe1daz sa J1 AJIv]TETS UmOyS #Q UTO
JAv-f) Bugkzeraes -a X1I3em Ofrismmis U x U UR JO AOUMISTIES AYL 0 . A Azans 203

(9=) serjeTIes oo I°Y) 998 8a uoTIETNOTED ardwts ¢ Ag ‘oriiewmis st oa Arsnotany

T e———— . — -




B

YEN (I 'Z'T) 2 5) 0 = ap...cf» s ]

—

SqNe Syl WO JuUWY

P (SAT3963u 10) satiteod ® swy

(s7)1 *imywm u = u on n-. or Uon I Yons (e 103 151-1)

i L e

-1~

uspuadepuy Aizesuy] sy Zu "Ik € ka1 T.:«ut 388 29Uy

vi-g)
37 ATuo puw 3T 4% 3e zeInbutsuocu A[[ed0] ST !:a - _cl_ |
UL C°f Wedoayl uy 8¢ 9g ~n pue ow “(eh’sX) = 4z 391 TG FAP[10ICD

i3ThARY SUTmOT10J UL UTRIQo Bm ‘5 PUR [ ( SwaIosyl JO 2-uanbasuod 30a1Tp € sy

fo w1

- - 3

‘a*3°% ‘(0> 20) 0« | 39p

L¥ =
utw3Igo M ‘g + A Ee JTETT sul Bulxel pue (E1-¢) uT .nor +C
20} oob + 0 Aq a Sutoerday ‘0 < A A2sas 103 (G-¢) puw (p-f) Butrhjsyies ua

pue ¢a S80IV OTI39wmmAs U x U ISTXD WIIYI ‘pf vee) L@ 0 = an.rn I9p 2enssy

o ,v-
"0=@dq@E3ep 37 O~ ep
¥ a
SY AOUYS 03 3331 SAwy aa Ivun
b -
(0> 20) 0<9a@ WP JT (0> 1) 0< _ % (€1=0)
v a

ugw3Iqo 8A ‘(ZT1-f) Aq ‘si0ja19yl 0 = 8,9 3%

37 ATuo pue 3T 0 = D I8P 3IWYL SAWY BA .o\:h«utv. puR 0 # (@ V] 39p aourg

i .8#. sp) :.—.4 39p) = (D I%p) ([9 V] 39p)

*[was o H%_
eav ¢~4_-HB v,y

298 A ‘puwy 1330 93 WO

SaT1ImT Wiua

‘0 = @ I%P T USAS SPIOY (ZT-€) SI0j8ISYL “(ZT-€) UTPIQO BA ‘ (Z1-f) YT 0 « 2

e ITWIT oyl ButyelL ‘0 < 2 TIwEs A[3ULYOT NS AIeAd 20 0 4 (2)Q I INQ IloN
(€(2)a ¥} = (2)D ‘@2 + 0 = ()0

SIMYR ‘0 < 7 Trews Ar3uerdtjjns Azaad 103

~.o i

Y ()0 | 3P = _((3)D IWP) JATTE)

(L1 30.'- asp) z

.

ATy 9m 0 = @ 9P Uy




Mefla] WA _ w>a pur X230 ‘quD 3T TI® 10 10 3 ||a(otz)oq])

puR (L-)) seTISTIvS
(1-0) dqpourzep _ m« |o3] ¢ 9 SeTpuodserioo em wem o 3 (G Wit
37 1w was ‘o 5 %o zequns saayeod w esooD 0 < A WP (S-p) WOI3 SAOTTOF 3T
(e |la]l’w 2 0'a Uuo 23 : ||a(otn) |} urm = 4
SUIJeQ "4 UT 0-03-aw0 ST D 4 2 AR
.un__:__ [ -37Y !..-vb PUR X220 ‘Guo Iz K1ad 103
[lnictz)aal|o> |ja(o:z) 20| (8-9)
pue
42 (A7) =% Kzsaw 303 3 3 [(m)0ff w-n
sepjsTavs (1-9) 4q
UsAI6 D dvm W@ 3T INE YNS 0 PUR 3 SISQUAU SATITSOd 1w eIy ‘Tz vemwy Aq puw
‘(s-9) puw (9-9) L@ " D4 ST 4 e -ﬂclk&.ﬂoﬂ a glsuzuo d]a voydrxIsex
% x (ox) ' w1 enbymm sy YTUA

z
(z-¥) ©3 worInos ¥ sulmwo (L) Pa x (M¥e ‘D 3 ((ex) 4‘6) wiou easusya 3R yous

Yy L)
W3 I oM “(oh) "C x (o¥) ‘@R e @ IOT “(4A)

1"0°0) > o we sy sampy —no.o. > 9 Azsae 103 I3 ST AOYS O3 IO SARY SA IeuR

1
“(eh) %8 3 £ uew3 (z-9)
T

N
o3 wopIntos w sy (A‘x) P (ox) g » x*Ve 3 ((ox) Ya’5) wrouw ;v (9-9)

%,

T
* (oh) Y x (ex) Y@ 23 Kieas 3w Ienbuysuou A1(wool sy 4 (s-»

Y %
‘(eh) "8 x (o%) g uo GWO-03-8u0 ST 4 v-9)

IND goas n. pue N..u' sisqmu satiysod jo FDUINIISTAI Y3 UACUS JATY SA 9103830yl
1
“teh) Y4 > & wep (z-9) sopzerIes (h'm) puw w353 Yol __.-.«...__.uu > _.-..a_
z
“(oX) o-on 3% Iy Yas c-n..o puw —.nn. sisqunu saviysod v

o1 e19@ ‘3uspuedeput ALIveuyT 8 (X3 T3 1) (em'3a 82030 jo 308 wp eouys BTN

@3 3temos>m'em’sn N

1 IR | 1+3=F P R 1=}
* ((m)'8y » (M) ubuoh M 4 ((x) "By & (%) '35) 'K m - ((1)%4 + (%)032)-

e i e A i 5

pue (£-9) uan
- - 0 = h 4 o= T —0
(z-y) seygsyaws (A'x) pue (w> ¥ > T) ©> |0 Bal|Te > [(x)B] ‘(ex) "@ 3 x I
1 ; §
“(s27) 7@ UT U0-03-2U0 BT 4 I3 PUR (42) %9 3 2 A2aa® 3¢ aenbursuou ATTed0T ST

d I yons Oo 3 ~o Joqunu Sataiysod ® Sy 813yl ‘Z°7 v Aq ‘puey IaY3I0 IY3I WO
= = T | PR \
T AT} D {(w> T >T0=(X) 6+ (X)) ¥} (€-
U

@3t30 %3 o) O3 |
0

‘(ex; Y@ 3 x 37T 30 yons On pue Op sisqunu aararsod eyes ued
M ‘ex 3® (3T5>T) uu 3o Ayynurjuoo a3 Ag iyt Z°1) = «1 23Iey3 Jwnsse In
T
*A3§o71dmEs 203 °SPIOY [T UOTITPUOD ‘- @°T Juapuadaput ATIPIUTT ST {oI > T : (¥} 32}

298 w3 ‘9 Axerozc0 k@ ‘{m > Y > 1 ‘0 = '3

: Y) = o1 3IWT -JOOIL
‘e =

UOFINTOS AIPUOCTITIE (4 °"3I°I°A) STQEIS-S B ST X UL ",z 3IT ivnbuysuou L[[ed0]
ST 4 3Wy3 swmssy “(J)Td ©3 IUTOd ATRUOTITIS ¥ 3 (sh'yX) = 42 3T “T'§ wesceuL
0 = (A’x)D + (A’X)d (z-%)

se ua33tam aq ued (6 + 3)1d warqeid

peGmIIed Sy 03 UOTATPUCD AIWUOTITIS Iayony-uuny P UL w3 (A°x) Ki9as 10)

( ?.l&n
=
(x) ¥6-
: = (A'm)9 (1-»
(x '6-
Tegel C=¥
mfealx T+ T’k 7 4 %
\ a h | /

1smoOY103 Se Moo x| * O
dom Pl "R ST ‘(3)14 we1qEad w3 03 4 > 6 uorjequmiad yoes o3

“SITNSSE KIWW  °¥

| 3




i e i st e e A8 115

*0<A T3 8 =qgdhe ..8.:-.- Jop ubye
N s J xyavm oyxemmis u x u
U MISTXS Iy ‘pic MY Lg  ‘(S)\(1‘T-) =8 37 ...o.c 4q peUTIeP ST  (o2)7 SaBYA
‘0= utem)7w W
®es wn ‘5o
wai0eyl 43 M Sowds 3 JO STSWQ ¥ WIO; SUNNTCO EOYA XTIIVE OY x u uv eq g 39T
1 3% sousw ‘woRIOTPEIINGS B ‘0 < ((D)ife3)an 30p eawy wa ‘Ge¢ wesoeuy Aq ‘uewd
0=% a1 Ny "'1y >y'0= ..._...54«» P M 2A) e sowds .ﬁ 30 uoysusayp
a3 aq % PUT ‘(£)2 = 40 IMD YOS aq .f...:_ + 3} DOFC VT 0 = (s0!s3) 30 IP
PUT N 3 403 43 MR IO 0 <d pue (9% )urm 3 950 301
“(.Bb + J)1d 03 wWOTINTOS AIWUOTINIS JDUFISTP OAJ IW &~ . = 9B > x qre 205
@3s3w oemamles
.n.-.o - .50. - ‘Sma
SUTIP WA 3 OUT ¥ 2 (P'D) TTwas ATIUSEOTINs ewos 105
®*3) = (D4 (K m)a
&sraes (21 = ) (om0 > P
IWEISIP OR JT 080EI0q (o °I"I°A) SIQVIS-E J0U S] X INYY 508 UED BA UYL
(o)’ uy swo-c1-suo 3w 8T 944 MR wWME © 3 ((m)*Pe6) W WM o7 6
sisme eson %030 pur (,9%)ure 5 9 szeqmu satareed Auw 305 e Aous pue ‘o3
BUTUTRIUCO o 7 o0 I0OS I0] 0 = (s0!e3)a0 IWP ITYI ATEIUCO SYI UO SuNSSE ON
‘e3 3@ aeinbuys
-uou ATIWOOT ST 4 ‘C°C WOI0YL £qQ ‘USYI o3 ¢ O KAISA® 20] S (D!e2)Ja ISP ubys 3T

enc..vn A3%a9 303 0 10 ® = (0!2)31 J0p ubys

1
CeX 20 PUR  (43)
s = (0'Cen) Ya’2) Bop
sawy an
T
._:.8 -i_.l:tﬁ-*u-!uou.n.«lt.ouﬁu...:_.n.:!.ouﬁ&eo

ot 2 (e9%)ure 3 Ty sararsod swos 105 3vn seTTdmy STyl ‘UOTINTOS snbyun ® sey

-1Z=-

2 x ema s hm) (pro) = (h'm)a
suoyamnbs O waishs a3 o 2 (p*2)
1Tems ATIUSTOTIINS LI8A® IOJ WY} 998 A .ln » .lv...:nv. =p PuU* w23 ox3yn

=-_ = 3

@313 p=wm's

2, uhuu - .l.ev

Supyer M x (+x)*%g  uy enbyun sy ydyuA (z-b) 03 uorInyos ®
SUWUOD .y x .-.con unpy © 5> :.n_.on.u. wiou 3y 3w yons U0 3 © zaqunu aataysod
. S} I3 70.035‘ n 9 @173rsod YORS pUR ( < o9 SWOs 103 ‘uoyidensse puodss U3

Ag -3uspusdeput ATxesurr s¥ (W > T > T (0753 + (0'34 $20338a 3u3 3o 395 a3 pue

(fenpo@3isto=me % : 1)
0
wn @335 D %S| pue %3 (' c(m Yaox
3% I3 yons % pue Oo si1aqunu SAt3ITsod 8wl ued A ‘(m > T3> Dex 3w «:
pue T3 jo Kapnupauoo ey Ag  -3uspusdepup ATIweupr sy (x> T > 1) (eX) 32 S20339a

30 398 W3 IN uoTIdENESE ISIT; I WOIJ SAOTIO; I Iy omos 103 .gx.....n.:

e @3 ¥310= (07t 1) 3vu3 smsse on ‘suopawrou 3o KayoTiders 104 TFOOIE
*(eh’sX) = o 3 JeTnGuYSUOU ATT®OOT ST J USML “(€-T) AQ USATE £Y o 2I0ua “(3)1&
03 UOTINTOS AIPUOTIMAIS (o4 °3I°I°A) SIQVIS-S ® ST X IWQ PUT FPIOY [°T UOFITPUCD
o3 Iwy3 sunssY  *(3)Td O3 utod AIRUCTINAS ® 8q (sh’sX) = oF 3IFT “T°F WaICAUL
a'3-d *([9Z) IPIOQUIOM pue ©HIIIO 3O
1°C°9 ‘we300uL Iexosuoxy 99s) (z-b) ©3 UOTANTOS ® supeuod (s2)’@ IeY3 SOTTduT LOTUA

* 1- 10 T+ = (0°(ex) %@ 269D = (0°(42)%a’D + 2)BOP
uays o3 :..aac-.s wiou
37 uns %o > o oqunu eararsod ® purz ues ea *([bZ] IPTOQUINM Pue
®63320 3O 2°7°9) We09y3 @ouwTIvAuT AdCIoWOY S pue £z w1 kg D > :.n_ﬁ.n.o...
z

I8ABUBYA (Z-P) 03 UOTINTOS ® SUTRIUOD (oK) '8 x (o) %8 = (2)%@ w3 wons ‘o3 e

%o 3 ¢ zequnu sataysod yoes 10; 3eyy aaoxd am Kjreurd

Joqunu aatyysod @ ST a9yl
*(Z=p) O3 UOTINTOS SUOC ISOm e SUTEIUOD J Ieyy sayrduy

z
253 ((eX) g’6) @IOU SNYL 4 U} GUO-0I-FUO BT D 4 4 pue (g-p) SATISTILS D AU




-t~

say3ysod sy -.ou.ar. XS (-9 = (Y -6 o I 'S SORIFPEND W03 SMOTIOF 3T

cCen(icry 23 T 2eg o-nu..u.au—...-u.

Joedompe v 67 A SOUS °m eouds o3 JO SISNY

T EIO] SEERICO SSOYA FEIIEE (Y -U) xS W eqg § W] ‘[ <Y ~€ UOPSUSET) SN OOY

A 2 TR oeatn’i gra)en
4q pouizep
& ° 8 welews oy ey ‘sWNwSTe u >3 W £N() 1) 38 o 0
oscddng "0 < ((£)31,5)40 P I SRIMGWS C°C WNIOHGL ‘SIWNWSTS ® WY £ N (3°°°°°T)
wemepey e 31 (£5r5% 101 ‘(1) Aawmib e Tr pw O ezewm
*Te5e5% wawne ¢ v 0 < ((N3enm 0w
acNp 03 seOY3zme 3T ‘C°y AIe110200 pue (°{ EBICNYL 3O ASTA w1 -joOdg
‘W4 "3°3°m) OIqQUIS-6 ST X WeyL PIOY Z°S PEE °T°T
SUCTITPECD I SEResy “(3)14 O3 IwTod LIvwoTINIs ¥ 8q (oh'eX) = 3 IV P g Edoew
“(3)14 ©3 swopy
-AT08 EMETETE 07 (J °3I°3°A) SIEEIS-¢ SSTINIOWSY SWEION] Gn} SUTAOTTO; B4
“(ST] PYRICON pue GOIWFJ JO (" PWS Z°Z SWOTIOeS ses -JOOAG
“(3)14 ©3 WOTIMIOS EANTUTE [¥I0] POIFIOST
ST X eI 7°S WORITPEND STISTINS (LX) = oF JI °1°§ SOTITPUOD SITSTICS
(sh’eX) = o2 wou3 1°T WOTITPUCO SWTLJSTIes (J)14 O3 UOTINIOS ENETUTE 18307 © S
o 31 °(3)14 o3 wijod Livworinys @ o} ol ? (sA°6X) = o3 WM secddng (' swwey
@S EStes0< 6 n (a2 31 TI® 303
e...p.on.f. 1 J 2 A) sowds N W NTUTIIP MTITECS ST (42)T T SOTITPUSD
‘0= (a1’ Iem wms (wecory > ¥ Tre 303
0 -..r.on.‘u- t J 2 A} soeds s w0 NTUTp-TEs TITHCd ST (o3)T “1°§ UOTITPUOD
:$U0T3 Jpuco
a3 GUTADTIO] Y3 TITA POUIIOUCO 3G TI1A M “(4 °3I°1°A) IIqeIs-s azw QOTHA (F)1d

03 SUOTINIOS ERWTUTE [EJ0T ;O 338 I O3 UVOTILSIIT INO INI0; SA ‘UCTINE STYY UY

“SEOLLYIOS WBORIN TWO1 (4 '3°3°A) ZIavis—S °$

-a's°8 “(Z1-y) satrdet
Aysmotamo (11-9) “A3TTIQUAS Swodds s 3O WOTITUIep #13 Ag “(Z°y S=si1ceyl) (O1-%)
SOTIANY (Z1-9) IO PUw (1°) WB30SYL) (T1-9) SOTIAEY (OT-9) IWMI GWAOYS aaey am ~;003¢
“(3)14 03 WOIIIMCs ATWWOTINIS (od °"3°I°A) IFTTNIS-S ¢ ST X -
“(3)14 ©3 worInios Areuoriess (4 °“3I°I°A) ITPIS-S ¥ ST x (1T-9)
‘e2 e JenSuTSUON ATTesOT ST J (c1-2
:3uateaTnbe 31w 33iy3 EUTACTTIO} Y3 SIYL “SPIOU 7T UCTITPUA)
W smesy - (3)1d 03 uTod AIvuoTIeas ® 3G (oh’eX) = o2 3 ¥ KI€TTGI
o o & ‘(€' TEmY] 333) O < A Trems LrIasarsizzns
Azsas 303 (o3)7q Uy SUO—03-9UC 30U ST B + 4 ITE SITISET (6-§) WA IXIIBOT WTYA
* L (rems AT3weYoTins A1aad 103 % = (0°(e7) 78 WTD 4+ pbep
aary 3a ‘({pZ] prOoqUIIYM pue ®533I0 O Z°7°9) WIINYI OURTITANT
ianouoy e buten ‘s = (0°(e7) 78 WT 6 pre (1)¥g uT wo-m-swo st 5 s
* 0 < A A33a3 303 s =
UBL + (o1)T) @ I ubTS = -9
[(s0242)90 + (oC%eZ) 20]33p UBTS
298 . ‘g g wz0egL Aq ‘uayy
-@313n  o=m's
pue

(ex - B4 (ox - M) m - m%

= »® (e 305 ‘surjaq
o




-9z~ "$t=

*23INT9 safaTecd S u.aus«u sousg -aatirsod are u?n.nhu

xrmee ormewcis s JO zIoUTE [edjourid SUTPESY Y3 TR 3IPUL UMOUS SARY SA syl
) z

C < n-?!.uh.xn.u-o (z-c)

(Mxe-+-O) 3 x Kieas 203 ‘9-¢ Lxerrozcy /g

"@aTuTzep SATITR0E 8T (1-S) XYIIE Y3 BOUSH °(97¢ AIPTTOI0) 99s) IenSuTsuOU ST (1-5)

xIrTe oq3 ‘A3jIeTnRbuUTSUOU eS0T 93 AQ 'PURY I9WI0 I3 UD  “IITUTIIR-THRS aaTiTsod st m
A

3

(LN (1-5) |

| b | >

|

xya3wm Srxiemals guu -u) x aux - u) SY3 IPYI 1°G UOTITPUCD WOIj SMO[TO}

it ‘t-ud % ang emsew ({1 -uwinjurm > x> % 5 joswmye x 387 ewa jo 3

BUTISTOUCO XTRWE (X - U) x ¥ WP 9Q @ N AT M[ITSed 8T O(eD)T D xinew

Tojura 3 % 5 %% |

otnemuss (% - @ x (x-u) @ IR Acus TTeYs wm (1 - U
30 sysvq v w103 O 3o SUMYGO (X - W) 381 AW 3wn was O xunem (Cx-w . uw |
s !

we oo (T-x>x5% TWoT% pov x-u vorsuswrp sw Yn sowds uows vag |

cqaSsSvoean’ia: g e f

*Z'G UOTITPUCO SOTISTANS (oh’eX) = o (5-5) 1 o =0 i
{'%°*°°*"x} Y YWes 204 ‘T -u > X ssoddng “SPICY Z°S UOTITPUCD puw QIdZ ST
“U°S UOTITPUOD SSTJSTINE  (oh'eX) = o2 (»-5)
*(3)1& 03 UOTINIOS ENETUTM TEOOT PEATTOSY UP 8 X (€-5) CEnuromEL R Sl e
Y saeds o Jo wrsusNTP W wNd u = x e Ox 31 cul A 3S% 3, {
1% SeITA SUTAOTIO} W URWL “SPTON T'T UOTITPUCD WD PUY (7 3°I°A) SIqVIS-S 5} wa wos Ty pue O ewoez0p (wcrregy e e pee Cxcreny 2%
o NN 990ddhS  “(J)14 ©3 JuTod KIRNUOTININ ¥ 3q  (sh'eX) = o2 W1 9°§ KAVITAIGS 1 senese 3a ‘sUOTIMIOU 3O AIPITTANTS 04 “(T-€) AQ PIUTZM Jes xeput aw@ 5q r
13ABY B ‘GG IIOWL PUT [°G VNI JO SoUINBEFUID IDEITD ® SY e O 301 -,z 3w sembursuou ArTesor sy au? * [od] * 4 €'y &rerrozoy 4g “jooid |
w ‘a'2°8 4 "sarayeod a3v 5(y7)1, R T 3
30 s10uTe Tedyourad BUTPES] s 1T 8I0Jeiaul (5°f weoews) (T - u’---<Oy) > y %3] =3 WG WG TS T ST Y0 U W ——— 4
A1as 303 wptoy (2-5) sz (u--Ox) >y TI® 03 0 < (((X°°°*1})1tez)aq I9P 87 X W amnEsY C(J)Td 03 Iuod AIWUOTIRIS ® Bq (sA"4X) = o¥ 3¥7 "5 C weloons ,_u
] ¢ wroeqs 4a puw 0 < ((\C)3teyar 3p ‘57 wezowis kg 0 = Tmwrp ees o ‘a-2°3 PRI e .
2000 P M “purot) @ Te teury vwa Ty eseen see S A Teep W KTTNTE 1193Q0 eA §f WeI0OUL Aq ‘AIOFRISW 0 < W(.T)T,E WP SITIANT WTUA NITUTIeP




sIya ‘n sowds

w 2»38138!31&3..u..u.n!uulua-u!o-.-!u.o.mESuBB
fa @3S ter0< i 0nE e w1 a1 (M uem (sa%ehiem)
03 #907> ATIWSTITZIINS 8F (1-9) 3O (3°A’X) UOTINTOS w JT IW AOYS O3 SIITZInS
L “leh’eX) = o3 I¥ Jenfuysucu ATTEOOT 87 ¥ « |eX| * (s3°-)E dve w3 IWp
PUT (1-9) SITISTITE  (23'sh'eX) ITW WNS _y > oL enbjun v s} SIS ‘1°9 UOTITPUCD
A8 o1 U .13 (e3°6X) 3IFT ° T 03 SATINTAI USO ST oI U I AOYS A ISIT4 30034
‘gl ©3 Mmeraz
PISOT> Puw Uado BT 47 U T USYL “SPIOY [°9 UOTITPUCD INI SEMSSY (9 weIoeul
m- 30 N 3Jesqns (pIsoOTd 10) usdo swOS 103 :c«>->

37 (A ©3 3ay3erez (pesord I0) uado 87 A v Aes ap ‘PBIIADA W
*a-a-d ‘e3 ©3 ®sOTd
L13ue1dT33ne 3 AIsa® 307 ‘(3)Zd O3 UOTINTOS AIRUOTIMAS (4 °I°I°A) IJIqEIs-S ® ST
(D= INQ s7TdM] WA ‘L A« [eX| : (3°-)H 3O Jujod senbutsuou ATTEIOT ® ST (3)%
3003 I WOIJ SMOTTOJ 3 O3 3WOTD ATIUSIOTIJns 3 L1949 203 2 dws =3 JO AIFNUTIVCO
W (LX) = () T C(1-9) s STIES  (3°(A'(I)X) ((I)zd o3 (=
UOTINTOS AIVUOTINIS A YITA POINTI0ESE 10308A 19TTdTITNE sbuwibe] o3 aq o 2 (MK
39T "(3)x Aq 30U TITA 3m YOTYA ‘(3)Zd 03 uotInTos AIwuoriwas enbyun ® suyRIUCO

.on.vl YRR (e3) 8 23 JTINR WPNS § pur 9 sIIqENU 3aTITSOd ISTXI Axeyl Sou

“(e3)Zd ©3 UOTINTOS AIPUOTITIS (4 °“I°I°A) IIqEIS-S ® ST X ‘°[°y WeI10dyL Ag ~-jooid
‘()= ,83 UM L UA?3 Swos 107 (3)2d 03 Jutod Kiwuoraeas

vS] N? .,z jyIMPpus L UA 2?3 (TP 307 (3)Zd ©3 uyod Aawuojess w sy (3)3
I UNS 0«1l UA T dem SNONUTIUCO R PUR 43 JO A ‘42 3O N spooyioqubrau
uado ISTXI I UNYL “(sh’'eX) = 43 ¥ IWTnBuysuou ATTEI0T ST Io..x - _.x_ : (83°-)H
dem 3y3 IR ISV " (43)2d 03 IUTOd AINUCTINIS ® 9q (oh’eX) = o2 3I¥] -9 WeIOWL
“3uspusdeput ALIeeuty 8T (85715 1 0 = (3% "4

W was  (3'm) 'us £30300a JO 308 W UMD 1N T3 (3'M) I TS GOTITPED

‘I D1 I3

SSIMSUS YOTUR UOTIEITFFIWND IUTEIISUCO BUTAOTIO} Syl sunsse TTTA om °7 O 1 Atsnotaqo

-L2Z-

* {(3)2d ©3 UCTINTOS WNETUTE TESOT ¥ ST X : I x W D (3'X)} = o3
’ {(3)Z4 ©3 uoranios
Arewofanas (4 °3°3°W) FIqUIS-B W ST X : L x WD (I} = T (E-9)
‘ {((3)Zd4 ©3 vOTINTOs AIwuoyIeIs ® ST X : I x S22} =2
@97 “(y-Z) pue (£-7) Aq PUTIP
o UOISTATPGRS By3 UO uu- sy l:-QIvﬂn 3 (3%-.)H dem a3 1 3> 3 yoea 107 eyl

o - CrezamtueTrezamue - T s 1 x w s hn Krans s

R
- -
ﬁ (%) yq- 4
am™ly - i
3'0u- | = %A x)m (z-9)
3.5«_7
1+ =f 1=1
.u.u,nﬁm» 1 +am'as 1 + a0
\ - 7 /
a10ya
‘0= (3A’'x)R (1-9

se u23iliim 99

ued (J)Zd O3 UOTITPUOCD AIRUOTIVIS INONL-UYNY SYL °“I0IDaa Iawesed e 5T 1 3 pue

- = - 4
*{m>(>T+7 0> (3'x)°Y

G313D o=Gmiut: ¥ix =
szayn
‘ (3)Xx » x o3 3de(agms
(% szrerure (3)2a

:mexboxd reaurTuOU dTIjem
~s1ed BUTAOTTIOZ ®YI WITA TWeP [TTA O I x o2 (3’'x) ©3 3I5adsax YITA SNONUTIUOD a3e

R SR AR R ER Y] f.n-a\.».n.iun Lxes(amTue 3w@ pue 153 uoes 303

syl

- v
47 (3°:)4 ImQ SENSEP A ‘SUOTIONS IXSU pUe ST InoybnoIyL (Yt Y =Y pue

¥

u’

acu—."o.- o3t hnﬂl w0y deme 'y .vn 30 Josqns pasold> P aq 1 I?M

“HWO0Md DIMIIWVEYd ¥ OL NOILYDITddY NY °9




i
§
i
3
:
§
§
f

H

)
i
M

-0€-

*0°3°0 ‘e US =S UIWIGO SA ‘PEIDSUNCO ST S SIUTS
‘S O3 SATINTAI PISOTO puw uUsdo BT S JO L3 yS 3IseqRs A3AESUCU M I SATTANY YOYYA
.»CuontnocuCouc-lcuCuv.-u.-u.

UM AUGZSOU I eIUT IR WNS M JO

A 398GNS PESOTD ® puw b 3° N 9eqns usdo uw ISTXD sIey] ‘(9 Wexoeyl Ag ~jooOiIg
‘s - (3°%) 11 207 (3)z4 O3 UOTINTOS WNWTUTE TEJOT ® ST X uayL

“(s3)Td O3 UOTINTOS ENNTUTE [WJOT ¥ ST X ITYI YINS (43°'eX) SUTEIUCO YOTYA ol

40 135N PADJUUDO ¥ B S5 IFT  “EPIOY [°9 UOTITPUCD) INYY evuddng §°9 AIw[(0i0D
"1°9 UORATPUOD JepUn 7 03 SATINTS: Uedo ST 43 y 7 oush

‘1 03 sajierer vado S7 7 USYI TPIOY [°9 UOTIFPUAD JT Ivyl PeTiTiea ATTses ST I

M e, Sl oansiddng s s ook i — - - -

‘a*a*d *9°¢ AIRTTOIC) WOI} SMOTTOJ I|NSII PIITssp YL

a2 10 - ......u..u.u.s : Ay
wouds a3 UO B3ITUTJIP-TWeS IaTITSOd SY

«—. D r YITA ampeboy Yorya ‘*m  uo I3TUTIIP-TEIs aaTirsod sY

.m: soeds Y3 UO IITUTIIP-TEas

(e3°3)N 73 soyTdmy
(s3'3)N INYI UTPIAO 8A ‘et + d s® JTWTT Y3 Suyyel

safaysod s§ .fh.&n- - & oToun .Anu.mu; x7x3ewm o1I3ammhs U x u Dyl ‘g g ewsd] Ag

(N (31} 2 F ‘0en (s3%x) U = 4> n)="n

4eses . . S d
{cn{s TV2F0o=A( ' X)W Ja3a) =
suyjap ‘d KLxaa® 303
‘ek 03 mebraaucd (K} 3IMP SIINSUS [°9 UCYITPUCD WM °C C Yo 205 on

@333 0 sdvm on jo Aapmurauos w3 kg A TTe pue  (ue-ce T+17) >r 9wos 310}

w31 tevosamiuinac

w3 Ava 3n ‘K P34 basq

saeyadozdde uw BurYel (83 ¥ T + 30 = (s3°eM) T4 1 ) = 'r 391 - (1-9) serzsYIES

(s3°6h%X) ‘M > ok onbyun smos 303 STV “(1-9) SPTIsTaws (3° L’ x) IeQ yons

o 2 48 DT B ST aImn ‘e U 12 (A°K) WIS 03 EuTpuOdssiio) eI 2 (s3%eX)

AOUS TTRUS 8a PUR ‘.7 3 (s3°0X) SWOS 03 $36I8AUCO WITUA (eI U T P (3 °gX)}
aousnbas ® 18pPISUCO BA .au 03 SAYIVISX POSOLD ST o1 U o3 eyl Jacad o3

‘gl O3 BATIPIAI UBdO ST o3 U I ITYI UAOYS Sary A

soqs ‘g5 wemen AQ o7 2 (3'%) @ouey w3 £ 3 T4 70 < ‘At

®Iyn ‘(I >T7) 0= !u.:.uvq_s : =¢ 3 m) aceds Y3 U0 PITUTFIP

SATIISOd 87 (3TN XTIIM SN PUR I 501 AR  (43'sh’eX) ©3 9sOID ATIWSTITIIRE

: (30 'y dem

ST (1-9) 03 (3’4A’x) = (3°Z) UOTINTOS © 3JT DUIH X 3P A

3 JO XYIIW URTSSIH 9yl 30U .u..ca=~> pue I x l’..u 3 (3'4A'x) = (3'2) T(I® 30}

t41=( =Y
. R st sna o o ek
(a'x) zn?» m + (%) "y L m ¢ ') Y = (3RO

‘P voeaaten’n: gra) e




L ———
b - &4 -1€~-

“[e3°D) » 3 ©3 3234831 ITA SUTSEIIUTUOS SUCIOWCE
ot (((M% P (43°0) 23 TV 307 ()X D (X UGB ‘L x WP (3'E) Azeas 205

CER R ™% - 3w’y

®%1 + %3 -1 = 1%
wio; s swy
wor® * oo P ¥ FT 1L wez0eqs uy ev eq X LR ~Z°t Geitoion
. -{9T] POD pue wioIws pur ‘(9] X305 PUP IPTRg-33TTeN
‘acD ‘(1] JepERESTY OST® 965 “SPTOJTURE SUD YIOUES I8TAIeTd JUTO(STP O SISTTUCO

{(p*2) = (3°A'mm * [1°0) = _ N ? (3°h°m)}

398 o3 _ ¥ % (§'3) TT® Isomle 103 3@ A3yiee
‘e°3-8 ‘SADTI0} ITRESI PEITESP S WOTYA wolj Atyove uso> ea *((¥Z) IPTOGUTS PUT BH03I0 JO §°T°G) WRI0RUI 3,pIeS Bursn Ay “Aivesq

‘a°2°d ‘"9
AIeTT0300 @02 PUCOSS Y3 PUT T°9 WII0NL WOI] SAOTIO A1acesyp 3xed 38373 L 5001

cer Mm% (34303 0 Mm%

* @3+ 3% 3 (3°()m%
PR — — 205 ¢ - “(3)Z4 O3 UOTINTOS WNETUTE [¥I07 PIIPTOST uUe Y

‘(2 ¢+ )T QA WPEIE I8 PTR .:0-5.. 3© 301393uT 3 Y OTIMI0S GWMTETE ¢ SOy

()= woee ‘szcmispaang " M « [43°0) : X dem SNODUTIWCO SWOS PuUR  [1°0)] 2 o3 SWos 303
- -
(N’ U BT 3 o eame e >R
s+ u..&oa [ — o9 W33ITIA oq e o- Lo " TR - oa IeY3 swnesy ..o.o& SUTRIBOD YITYA
ramzbosd o3 ‘0 < 3 (Teme A[3weyatjyee Lreas 205 eouey 398 Pe3doswuo 159dmoO ¢ oq uuouv‘ (0)Zd ©3 YOTINTOS WNETUTE [®OT (4 °“3°3°A)

o o oIqeIs-8 ¢ g on 3¥] “epIOY [°9 UOTATPUSD) asoddng “(1°0] = I 39T °T°L WmaloeyL
AP ,E IIv 303 (2+3°.®X) 4> (2e3'(3M) W
:an01d ued oy

3 (yeEe Ar3weTOTiyme
*Sepy SAOQe 3 UO peseq a1v Azoeyy A3trviuswsidecd pue Jurod PINT) I uT

®t 0<3 31 P4 jodaymuriuco e ke (9 = ||(NE - ]| 0> %) A szem
podoressy szem WTYA ((€C] PPOL ‘(0] TWBTYS *(12] @wew1 “(61 ‘LT) wwifox *(11 "6) sanem)

’ ° .
ar.x e atn’s arom ®ponies emog ‘(1)z4 ©3 x uwopanyos Lawuoramis ® urenae 03 (0 x) SUTRIUGO uITUA
" . . 9
Aty 8 CATTEOYIO0ds  C((DE 4 R((X)E P Xt (JIX D ,X) = 0 SIGYA 15,8 IWSUCAN0D PEIDCUUCO BY3 eI PUT .o.c-. WOI3 IS WM WYL “J = (1°.)0
‘nr .x (1 203 :..So- > (3(m% pue B e (0°-)4 °‘*®°F ‘(J)T1d ©3 (B)1¢ wa0jep Arsnonuriucd YIYA ([1°0)] » 3)
I PNS § JSGENU SATITSOd @ SISTRS SISyl ‘()4 O3 WOYINTO8 WU (3)24 wnibozd zesuttuou Stzisweswd v pue eu UOTINTOS AJPUOTI®IS TETATI} ® seu
w00y peaerost we 81 (3)x eours “(63°01 23 391 (Mm% 3 (34 MY wen WA  (5)1d "e1603d IPIUTTUOU IYIOUE INIISUCO ATIPIITJTIIC A “(J) 1 Iafos OF

635> 343535 0 puUv [Tews ATISSLITNE ST G < 7 JT I3 AOYS O3 SEOTI NS 31 30034 “SOONLEN WOIIVWEOZ3TQ STOMMIANGD #0 SSVID ¥ OL NOILYOI1ddY &V L




¥ - -

"TIE-L8Z (9L6T) 01 ToTwaeiBoig (vo7svewa: oW

‘.spones Lyteusd Suyen SuyemeiSold Ieewyruwou 10j sysdrewe A3jATITeUSs, ‘GSIRIZ CA VY [9T7)
‘STT-LOT (CLET) @7 Goavesm

FucT 330 ‘ Suremeib0id iweutrucu Uy AITTTQEIS, ‘PTROD L ‘4 puUe susaz ‘¢ ‘f [g1)
‘2561 ‘heszer mem ‘seeiq A3ys

-iaapun ucisoutay ‘TECTOEGE STeAQEBIV O SuOTIspuGOd ‘POIUSeIs ‘N pue Siequerra ‘s (1)
YT-1 (8L6T)

¢ Ton3s Furwmeibaig [eoTi0eeaoN ‘. s3ujod Aiwuojimas SupIndmos, ‘seaez ‘3 ‘g [11)
"EYT-€L (9L61) 6 SEuTpeesoid

TINWNIS *,897d030mO0Y 4 [ATA SuOTIenbe SUTATOS U SEIMCO 3I0YS Y, ‘Ssae7 3 ‘% [OT)

“I1L-869 (1L61) L1 SOousTos Iususbeuwy ', Surteseifaid oj3ezpend wp, ‘ssaez D ‘g (6]
895-61§
(L961) L1 SUCTIWSTIAAN pus STSATVWN [SSTISESUIOW JO [PUINOf ‘,UOTIOURJ SNOAUTIEOO0 ¥

;0 32 wnwtuTE %3 jo AINUTIVCO M3 W, ‘oITdeys ‘N puw WeENTO4 ‘r ‘S733ueg ‘g 9 (8]

-90% jO Teumor uy 3vedde 03 ‘,uD A3777qUQOid YITA SATIIMIISUCO 8IW IN SPONISE
idojomoy :edem 3O 90288 SUTPUTL, ‘NIOL Y ‘L PUR ISIRY-IFIWM ‘L ‘ARD ‘m ‘S [9)
‘€961 ‘NI0L Asu ‘weTITEORN ‘380938 (9o7BOT0d0L ‘ebasy ‘D [§)

‘8L6T ‘Iembny

» . L B SIVTPILSUCD ou 3
‘OpeIOTIOD ‘SUTTICO 3104 ‘AITSIeatun #I¢IS OPRIOTOD ‘Ilodey yPeL ‘,s3utod pexy) ot el b o oF T

Sutiewizoidde 10) SPOYISE WOTIEMETIUCO pUR TeTOTIdEss, ‘6308 -y pue 13echbITY ‘3 (9] s2ouyn ese> [erdeds ® 10; (0f] Tebres Aq uaous AT3usoes sea T/ S3I09YL UT ITNSeI Y

= . - 3 D aaey p°S PUT [ °f SESIOIYL
‘0961 ‘%304 sy ‘sseig woviess ‘XBSTOIGL (ViIcIeUTQMOD ‘JjoIpuwxaty 'S ‘4 (€] Arsatacedess ‘(LZ) 3O 1°C PU™ 1°y SESIOSUL WITA SUOTIETEI 980T

‘982-14Z (8L61) 29z Kastsos osTY [LZ] UOSUTGOY 3O 1°Z WS3OSYL WOIJ SAOTTOj Z°9 3I09YL “UOTITPuC: LreuoTieds

TOSTITRIMIION USSTISeN P43 JO SUOTIesURIL ', sempecoid [9516010403 STquIusmerdet 19uONL-YnY W3 WATA PEIPTOCESE sucTienbe pezTTeIsust jo wmshs 2@ 305 ([LZ *9z)

- 1 ] ] 4
Atrestiseng  :poNISE wOTISNGTINCO AdoIGmOy WL, ‘BIOL Y ‘[ PUe Jepuwxely 3 °f (Z] wosuyqay ses) Aajrernbes Gworis ey 03 JusTeATRbe ST (2-T) A pautjap W« x|

TUT] ‘SWITQUI IPSUTTUCH span opemg * enbs t1eiaust jo moasis e s® pIIeTRMIO]
“LL6T “330 ‘ey3IeTN * - 203 o buy dem w3 3o Aavrernbuysucu [e30T YL “SUOTY pazIYy 3

sodulg ‘ pouiss buippegme Azomgy tesyborodo; ey spuwnar > Touoo L ] ‘WOTIONPOIIUT I UL PIIEIS SY
90 @t s w jo bot "z v ‘3 ‘r (1) seTe 3¢ el woT) AIvuoTIvis IaNIML-Emy Wi

“ONNOSIY TNICTIONOD TR
ST N3 L




R

pe/xm

“PZO-608 (0P61) Ty SITITEIWY jO STPUUY .olqgnu W, ‘pPeeYMITY ‘D ‘N °r ()

LLET ‘NIOL mey ‘®Owyd] ‘AIysIsatun [TSUI0D ‘Guyzseutbuy

1e238npuU] pUe P N SUOTIRINED O TOONIS ‘Z9¢ 3Iiodey ‘ydsey ‘ uoriezywyado
POUTPII0UcO PUP #11qQYITNbe STEOUCOS 10 SWMITi06Te JuTod-pexNt4 AsH, ‘PPAL ‘L ‘M [€f)

‘L6t

‘105 Asy ‘196u1ids ‘TUOTITSTIAIV DUV SIUTOM PORTZ JO UOTI "3 ‘ppaL r M (2X)
‘108508 (9561) 6 X397505 TeoTIswsIvN UvoTismy O eBuTpees0iq ‘', eowds-—u
BeepYIoNg 10} Wes0oMmp UOTIFIIRd ¥, ‘IeTeeN ‘O PUR TTPIGL ‘N ‘N ‘wosiewes ‘N (1¢)

“Ton3s BuTaseiboiq 19oTIPEPUITN wT 19edde O3 OSTY {(/G] ‘ISQEEACE ‘WIUETIV UF

SurI00u BM1L/vSN0 ‘ Surmswi6034 1eeuTTUCE 03 YOeoidde Jutod pewy; eui, ‘TeSTes ‘u (0C)

-6~

*LL6T **ouy 3eyyeq 1ecawy ‘g “Toa ‘KBoTouyoeL

Uy ‘. Spoyrse SuyIndeco jurod pIxT4. ‘Tebyes ¥ [6Z)

-uoyzeredazd uy ‘_smpyiobre

uyod pexy3 Aq p 6 syaed jo seyizedoad dyisusy, ‘Tebyes ¥ pue tiees ‘S ‘c [8Z)

*SL6T "3deg ‘wisucosta 3O A3ysisajyun ‘ ) Y2 ¥ Ay ‘Leete

3zodey Livemng TeoTWiOey ‘ suotisnbe pezyreisush senbea Arbuoils, ‘uvosurad ‘W s [(LZ)

*ot S Dutemwibozg (eoTIveayIey uy zewadde o3

¢ Azosyy dyseg :] 3Ieg ‘SUOYINTOS ITIY3 pue suotienbs pazTIEISUSD, ‘UoSUIQoY W S [97)
*91-1 (261) ( Buymmeiboig ToTIrqawh *,Sm3ti0b1e Eurmeezboid IeauTIUOU JO

SSUD ¥ 10; 80uSbH<EAUCO JO $33R1 pun s3uTod IaNOnl-uyny PIQINIINd, ‘vosurgN W S [sZ)

“OLL: ‘NIOL mBN ‘SS814 OTEIPEDY ‘SITQETIEA [PIAnIS

IPSUTTUGH JO SUOTINIOS SATITINIL ‘IPTOQUISYs "M Pue e53220 "N I (3Z]

“6961 ‘N30% mey ‘TTITH-a®100y ‘ Bumnaseiboig esuyyuon, ‘ueriecebuey 1 O (€2Z)

*OLET ‘NI0% msy ‘sseig dTeepedy ‘BuTmeeIbOlIg ITSUTIUON ‘°Pa I933ITE "N PUP uviIesebuen

~] 0 ‘ussoy ‘g ‘r uy ‘. swe1qoid A31Iejuswe(dmcO UC SITNSII JUIDIY, ‘weF 3 "D (2Z)

‘689-169 ($961) [1 o8s15
IJusesbeuny ‘ bu Soxd Teo73

y3ve pue sjutod entaqyirnbs xyajewtg, ‘ewsd1 3 "D (12Z)

“1S61 ‘PTUIOJTIIED ‘SSaig PTUIOjTITE jo A3TSian

-tun ‘AITTTQWAOI4 PUT SOTISTITAS TEOTITENRIWY UO wny S ASTaniog puodes vl O

sBujpescoig ‘-ps uswmhan °‘r uy ‘_buyswesboid aesurruon, ‘I3uOnL M ‘¥ pue wuny “m K [0z

‘Yoieasdy sSuoTIel 30 SO13vEIIeKH ul Jeaddr o3

¢ Suyem1603d zesurtuou Stizeweied 03 yowoadde Burioatd Azvjusssiduwos y, ‘estlox “u (61)

*9t~-L1 (BL61) € YdIwassy SUOTIRIAAD ;O sSOTIvEIIeN ‘' _Aioceyn Altriesuasmsidecs pue

juyod pexy; ujy sbuyddem —u.o-«.‘o:m 30 suoriemixuidde 4 jo sawpnic, ‘ewilox W [€7)

“Ip-1 (9L61) (2 S3ioTod Furisaurbuz oray

‘,991q01d £37193ussaTdE00 JPSUTTUOU O3 BUTATOS 10) spouldw TeuotzeIntwo) ‘ewrloy W (1)

“6BZ-ZHZ (HL61) § Hoitesay Luoiitiol)
230 sSTIvenavy ‘' s\aed Adojowoy UO BII0WYI Y, ‘PINOD ‘r "4 pue vioien ‘g D (91)
‘9961 ‘3305 Moy ‘ASTim ‘INBIUYOS]L UCTITZISTUTH

PRTeIIseEoun TeTIueres TBGTEReTE01g TPSUTTUON ‘¥OTRIODON ‘4 ‘D wuw 0o5rtd A ‘¥ (51




SECURITY CLASSIFICATION OF TNIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

. *TECI’l(NT'S CATALOG NUMBER

N REPORT NUMBER X
1920 Qf / MRC -
1TLE (and Subtitle) [ A—

RONGLY STABLE STATIONARY §own.ousT
IN NONLINEAR PROGRAMS , ‘

—— e —

N

f

4

YP!‘O' REPORT & PERIOD COVERED
Summary Report - no specific
reporting period

6. PERFORMING ORG. REPORT NUMBER

HOR(e)

!
Masakazu /Kojimi—(

48 CONTRACT OR GRANT NUMBER(s)

D T DAnGz-75-Co0924, |/
k- Mcs78-09525

9. PERFORMING ORGANIZATION NAME AND ADDRESS

I 610 Walnut Street

Mathematics Research Center, University of
Wisconsin

PROJECT, TASK
AREA & WORK UNIT NUMBERS

Work Unit Number 5 -
Mathematical Programming and
Operations Research

Madison, Wisconsin 53706

1). CONTROLLING OFFICE NAME AND ADDRESS

see item 18 below

X’ 3

Febraswemes 79
36

T3, MONITORING SGENCY NAME & ADDRE

/2

18. SECURITY CLASS. (of thie report)

UNCLASSIFIED

T8a. DECLASSIFICATION/ OOWNGRADING
SCHEOULE

; F16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribu

n unlimited,

/S s o ) A/,// /y

17. OISTRIBUTION STATEMENT (of the abstract entered In Block 20, il diffecent from Report)

18. SUPPLEMENTARY NOTES

U.S. Army Research Office
P.O. Box 12211

National Science Foundation
Washington, D.C. 20550

Research Triangle Park, North Carolina 27709

18. KEY WORDS (Continue on reverse side if necessary and identify by block numbder)

Nonlinear Program, Stability, Parametric Program, Fixed Point
and Complementarity Theory

y and identily by block number)

20. ABSTRACT (Continue on reverse side It

For each continuously twice differentiable map f= (fo, : SR fm) s R+ R“m,

1
we define a nonlinear program:

Pl (f) minimize fo(x)
subject to fz(X) =0 Qgicy),
fj(x) <0 (L +1<J<m . (continued)
DD ,'5n'3s 1473  eoimion oF 1 nov €8 1s oBsoLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THiS PAGE (When Dara Entered)
o . Yo

B g T e N AR

(/// /




s

oo e —r

A (Kuhn-Tucker's) stationary solution x to Pl(f) is said to be strongly stable
if there exists an open neighborhood U of x such that each open neighborhood
VCU of x contains a stationary solution to a perturbed problem Pl(f + g)
which is unique in U whenever gi(x). Bgi(x)/axj and azgi(x)/axjaxk

(0 < i<m 1 < b) <n, 1 < k < n) are sufficiently small for all x in U. We
will give conditions on the gradient vectors and the Hessian matrices of

fi(o $ 1 ¢ m) which characterize the strong stability. These conditions are then

applied to a parametric nonlinear program:
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tionary solution to P2(t). Unrder a certain constraint qualification and the con-
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